STEERING ACTUATOR OF INDEPENDENT STEER-B Y- WIRE SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[001] Tliis appKcadon claims priority to Korean Applications Nos. 10-2{X)3-OQ34719 and 

10-2003-0034720, each filed on May 30, 2003, the disclosures of which are incorporated fully heiein by 
reference theieto. 

FIELD OF THE INVENTION 

[002] The presoit invention relates to a steer-by-wiie system, and more particidady, to a 

steering actuator for emboctying an indqjendent steer-by-wire system 
BACKGROUND OF THE INVENTION 

[003] Vdticular power steaing systems have developed firom hydraulic systems to electto- 

hydraulic systems, and more recently, to the electric power steering systems currently in wide use. In the 
near future, stea--by-wire systems employing a hi^y advanced electronic control system may be put to 
practical use. 

[004] Electronically controlled steer-by- wire systems may be configured in such a way so as to 

eliminate the steering column fiom existing electric power steering systems, fii addition, a torque sensor 

and a steering angle sensor may be intaxxjnnected with a steering wheel so as to detect the steering 

intention of a driver. Accordingly, tiie torque sensor and angle sensor nnay be fiiitherconfig^ 

a separately installed actuator, such as a motor, thereby gmerating a steering force. 

[005] Because steer-by-wiie systems as described above may no longer employ a steering 

column to achieve direct transmission of a steering force, it may no longer be necessary to mecharricaUy 

connect steaing units provided at both wheels of the vehicle by means, for example, a link. 

[006] Due to die development of indq)aident steer-by- wire systems whaein both steering 

units are provided at both vdiicle's wheels and sq)aratedfix)m each otiier, itmay be possible to increase the 

available space within an engine compartment In order to achieve independent steer-by-wiie systems, it is 
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desirable to provide a steoing actuator adapted to individually apply a steering force to the sq)arate steering 
units provided at both vehicle's wheels. Prefeably, the steering actuator frntho- is small in size and light 
weight Ii addition, the steering actuator should be capable of operaliOTvvdthout a 
the vehicle's wheels. Moieovo*, the steaing actuator niust have accurate cont^^ 
SUMMARY OF THE INVENTION 

[007] Embodimmts of the present invmtion provide a steering actuator satisfying the above 

raquirsmmts for embodying an indq)mdmt steavby-wire system. 

[008] In accordance with a preferred embodimait of the present invaition, a steering 

actuator of an indq)endQit type ste^-by-wte system conqnises a housing fixed to a vdiicle body and an 

ultrasonic motor. The ultrasordc motor prefeasbly has a statorinteniaUy fixed to the hou^ 

rotating relative to the stator when electric current is ^>plied A steering rod paietralesthrou^ a center 

portion oftheultcasonic motor. One end ofthe steering rod extends out ofthe housing and is cotinected to 

atierod A nK)vernent conversion mearis is provided for con voting nDtatingino 

motor into linear movonent of the steering rod 

[009] Pieferably, the movement conversion means may include a ring gear intanally fixed 

to the housing, planetary gears installed to the rotator of the ultrasonic motor by means of pins. Each of the 
planetary gears imy be eng9ged with an iimerpoiphaal surface of the ri^ A sun gear having an 
outer peripheral surface may be provided with tiie outer peripheral surface enga^ with the planetary 
gears . The sun gear bdng may include worm gears formed at an inner peripha:al surface of the sun gear. 
Racks may be formed at tiiesteaing rod and are oigaged with the worm gpars of the sun gear. 
[0010] Preferably, the movemmt conversion means may include a rotator ring gear integrally 

and internally formed at the rotator of the ultrasonic motor. A plurality of pinions may be aigaged with the 
rotator ring gear, the rotating shafe of the pliiraUty of pinions preferably bein^ Worm 
gears may be integrally connected to the pinions, respectively, and a plurality of racks may be formed at the 
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stemngiodsoastobeoig^gedwithdiewQrmgeais,]^^ AdditionaUy the pliiiality of pinions 

and WQim gears may be preferably dicxmrfenMitially spaced inside the rotator. 
BRIEF DESCRIFnON OF THE DRAWINGS 

[001 1] For fidler undQ:standing of the nature and objects of the invoiticHi, reference should be 

made to the following detailed ctescription takai in conjunction with the accompanying drawings in which: 
[0012] HG. lis a schernatic plan view of an indepmdent steer-by-wire system in accordarice 

with the present invention; 

[0013] HG. 2 is a sectional view of a steering actuator in accordance with a first embodiment 

of the piesent invention; 

[0014] FIG. 3 is ari^t-side sectional view of the steaing actuator of HQ 2; 

[0015] HG. 4 is a sectional view of asteering actuator in accordance with a second 

embodimmt of the piesent invention; and 

[0016] HG. 5 is a right-side sectional view of the stemng actuator of HG. 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0017] Shown in HG. 1 is a prefened embodimait of an mdppendsnt steer-by-wire system, 

in which steering units 5 provided at both vdiicle's wheels are independently installed without bdng 
intaxx>nnected Eadi steering unit 5 preferably cori^mses a knuckle Icormec^ 
andatierDd2foropa:atingtheknuclde 1. 

[0018] Unlike conventional steering systems, the independent stmcture of botii steering units in 

the present invention may eliminate tte need for a conventional rack bar and other links which may cross 
an engine conipartment thereby increasing the available space witto IhHG. 1, 

ref eraice numerals 3 and 4 daiote a steering wheel and a steering control signal geneiHting unit, 
respectively. The steaing control signal generating unit may consist of various sensors, for example, a 
torque sensor and/or a steering angle sensor. , 
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[0019] In Older to apply a steering force to both indq)endait steaing units 5 , a steaing actuator 

10 niay be provided for the input of the steenngfoi^ The stewing actuator 10, in 

accordance with one embodinient of the present invention, may comprise a housing 1 1 fixed to a vdiicle 
bocfy and an ultrasonic motor 13. The ultrasonic motor 13 nmy include a stator 13a piefa:ablyin^ 
fixed to die housing 1 1 and aiotator 13b, lotatable relative to the stator 13a \jpon applicaticm of an electric 
cunent The steering actuator 10 may fiirtherinclvuJe a steering rod 17 preferably 
pmetratethiou^ the cmter portion oftheultrasoruc motor 13. One md of the steering rod may extmd out 
of the housing 1 1 so as to be connected to ttie tie rods 2. Ihe steering actuator may also include a 
movemmt conversion means for converting rotating movement of tiie ultrasonic motor 13 into linear 
movement of the steering rod 17. 

[0020] As shown in HGS . 2 and 3 , flie steering actuator 1 0 may be preferably constructed so 

that rotating movement of the ultrasonic motor 1 3 installed inside the housing 1 1 is transmitted to the 
steering rod 1 7 by means of a plan^ary gear device. 

[0021] The housing 1 1 may be mounted at an ^jpropriate position of the vdiicle body (or 

fiame) prefanbly close to one of the tie rods 2 so as to be easily connected to flie associated tie rod 2 of one 
independent steering unit 

[0022] The housing 1 1 may be cotpled, integrally or othowise, at the inner peripheral surface 

thereof with aring gear 12 and the stator 13a, as one constitutive corrpjnmt of die ultrasonic motor 13, so 
as to hinder rotation. 

[0023] The rotator 1 3b, prefiaably located at tiie side of the stator 13a, acts as the oflier 

constitutive component of ttie ultrasonic motor 13, and in turn, the rotator 13b may be rotatably connected 
with planetary gears 15 by means of pins 14. 

[0024] The planetary gears 1 5 may be CTgpged witii gear teedi fonned at tiie inner perijiieral 

surface of tiie ring gpar 12. Li addition, planetary ^ars 15 may be simultaneously engaged with ^ar teeth 
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fcamed at the outer peripheral surface of a sun gear 1 6 which may be intanally located lelati ve to the 
plan^aiy gears IS. 

[0Q25] Hie sun gear 1 6 may be formed with worm gears 1 6a at the inner poiphaal surface of 

the sun ^ 1 6. The worm gears 1 6a may be en^igpd with racks 1 7a formed at the upper surface of the 
steaing rod 17, preferably internally located relative to the sun gear 16. 

[00(261 Both raids of the steering rod 1 7 may extend out of the housing 1 1 in ovder to be rotatably 

connected to the associated tie rod 2 as an input end of the stemng unit 

[0027] Li the pp^ent embodiment, the ring gear 12, planetary gears 15, sun ^ar 16 and/or racks 

1 7a formed at the steering rod 17 may constitute the movonent convosion means for converting rotating 
movement of the ultrasonic motor 13 into translational movement, fOT exanple, linear movement of the 
steering rod 17. 

[0028] The operation of the present embodimait will now be explained 

[0029] Sensor signals ou^Hitted fiom tiie above described steering control signal generating unit 

4 may be inputted into a separate control unit subject to signal processing for use in control of the electric 
cunent to be si^jplied to the ultrasonic motor 13. 

[0030] An ultrasonic motor (USM) is a well known device. A USM may comprise a stator and 

a rotator, which may be attached to each cAiac in a squeezed state obtained by a pi^oelectric ceramic . 
When electric signals are q>plied to the piezoelectric ceramic, the stator oscillates along an elliptical trace 
(according to an ultrasonic oscillation fiequency of, for exanple, more than 20 kHz), and such oscillation 
effects to push the rotator which is squeezed to the stator. The rotator may therefore be drivm according to 
the above principle. The rotating direction of the ultrasonic inotorniay be fineelychangpd in a de 
manner by the electric signals applied to the jaezoelectric coamic. Consequently, the ultrasonic motor can 
may be utilized as a steering actuator. 

[0031] Referring again to the present invention, the rotator 13b of tiie ultrasonic motor 13 rotates 

when controlled electric cunent is applied to the stator 13a Due to the rotation of the rotator 13b, the 
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plan^aiy gears 15 aiB rotated and revolved along the imerpmphaalsu^^ 

thereby causing ttie sun gear 16 oig^ged with the planetary gears 1 5 to rotate. That is, the rotator 13b may 
save as a carrier for a ^^al planetary gear assembly, the operation of the rotator 1 3b bdng the same as 
tiiat of the ffmexsi planetary gear assembly. 

[0032] By virtue of the intaaction betweai the worm gears 1 6a formed at the inner periphoal 

surface of the sun gear 1 6 and flie racks 17a formed at the upper surface of the steaing rod 17, the stemng 
rxxl 1 7 moves forward and backward according to the rotating direction of the sun gear 16 v/hsn the sun 
gear 1 6 rotates as stated above. The forward and backward motion of the steering rod 1 7 allows the tie rod 
2, which is preferably connected to the assodaled end of the steering rod 1 7, to be pushed or pulled so as to 
control flie traveling direction of a vdiicle's >^eeL 

[0033] The ultrasonic motor 13 has various advantageous features as follows. Rrst, in 

comparison wi A a geneial motor having a hi^ speed and low torque feature, the ultrasonic motor has an 
opposite low speed and hi^ torqpQ feature, and does not necessarily require a separate speed reduction 
mechanism since it may operate at a low speed of 1 0 to 100 rpm by itself. Second, die ultrasonic motor 
may be configured wifli a self-fixing ability. The rotator of the ultrasonic motor maintairis a firmly fixed 
state so long as electric si gnals are not ^^jplied to the ultrasonic motor, thoeby aidowing the ultrasonic 
motor with a brake fimction and elimiriating die need for a separate brake. Third, the ultrasonic motor may 
have a hi^-reactivity feature due to its smaU inertia and largp brake power, in addition to a high 
adjustability feature due an extremely short time delay, for example, not exceeding I/IOOO second The 
hi^reactivity and adjustability features may OTable hi^y accurate position and speed control. Fourtii, 
the ultrasonic motor does not gmerate a magnetic field and is not affected by magnetic fields since it does 
not use any magnetic elements. Finally, the ultrasonic motor may be preferably small in size and li^t 
wd^t, generating a negligible amount, if any, noise. Since it has no cdls, die ultrasonic motor is 
simplified in stnicture, and therefore, is U^t in wd^t, enables miniaturization, so as to reduce overall 
driving noise. In summary, the ultrasonic motor may meet various preferred charactmstics of a steering 
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actuator for an indtpendextt slea>by-wiie system, for exanple, the ukrasonic motc«r may be smaD in aze 
and li^t in wdgfit, it is not opaaled by a fcffce ttansnutted fiom ttie vdiicle's v^eels, and it oiables 
accurale control. 

[0034] Shown in HGS . 4 and 5 , is an altOTiative steoing actuator 20 in accordance with the 

presmt invention. Steering actuator 20 may con^se a housing 31 preferably fixed to the vdiicle body 
and an ultrasonic motor 32 having a stalor 32a and a rotator 32b. 'Ihestatar32amaybeprefCTably 
internally fixed to the housing 31 and the iT>tator 32b may be configured to rotate relative to the static 
when electric cunent is applied thereto. The steering actuator 20 may flnlher comprise a plurality of 
pinions 33, womi gears 34 connected, integrafly or otewise, to the pinions 33, and a steering rod 35 
having a plurality of racks 35a preferably engaged with the worni gears 34. The pinions 33 may engage a 
rotalOT ring gear 32c, which is preferably integrally formed at the rotator 32b in a rotatable manner. The 
rotating shafts of pnions 33 may be fixed to the housing 3 1 . The steering rod 35 is preferably connected to 
the tie rod 2 at its one end which extaids out of the housing 3 1 . 

[0035] In the present embodiment, the lotalor ring gear 32c, the plurality of pinions 33, worm 

^ars 34 and tiie plurality of racks 35a fornied at the steaing rcxi 35 may conqjrise the movement 
conversion means, for converting rotating movement of the ultrasonic motor 32 into linear movement of 
the steering rod 35. 

[0036] The pinions 33 and worm gears 34 are limited in their axial movemmts along their 

rotating shafts, and are adapted to support both thrust and radial loads acting tha:eto by use of taper 
bearings and the lite in the sanie niariner as known techriiques in tiie art 

[0037] Preferably, at least flTree pinions 33 and tiiree worm ^ars 34 are drcumfaentiaDy 

equidistantiy spaced about steering rod 35 inade flie rotator 32b, as shown in HG. 5. 
[0038] In the presmt embodiment, tiiree pinions 33 and three womi gears 34 are equally 

installed by spacing angles of 120° along the drcumferaitial direction inside the rotator 32b. Steering rod 
35 pref^ably has a hexagonal sectional shape at least at a portion fonned with the racks 35a Racks 35a, 
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prefaably aigsged with the wonn gears 34, may be formed at three surfaces of tfie heitagonal sectional 
shapesoastobeaccQKlinglyanangedbyspanngan 1hCTefo!ie,stBrangiod35maybe 
suTOunded andiestrictedby the three womi gears 34. 

[01039] Hie steCTng actuator of the present embodmiait may be actuated by electric current 

supplied to the ultrasonic motor 32 according to sensor signals outputtedfomthe steering control signal 
generating unit 4 in the same manner as the previous embodirroit 

[0040] Accordingly, the rotator 32b of the ultrasc^c motor 32 rotates when controlled electric 

current is applied to the stator 32a The rotating force of the rotator 32b may be used to rotate the wonn 
gears 34 afta: passing dirou^ die rotator ring gear 32c and piriions 33^ In turn, die rotating force of the 
worm gears 34 may allow die racks 35a of the steering rod 35 to lineariy move diereby operating die tie 
rod 2 by die interconnection betwe^ the steaing rod 35 and the tie rod 2. 
[0041] The present embodiment of die steering actuator system differs fiom die first 

embodimmt in diat the pinions 33 and worm gears 34 rotate relative to the housing 3 1 widiout revolution, 
thereby allowing die steering rod 35 only to lineariy move. As a result the presort embodiment can 
embody an independmt type stBQ--by-wire system with a more sinq>lified constructioa 
[0042] As apparent fiiom the above description, the present invention provides a steering 

actuator of an independent type steer-by-wire system, which is not operated by a force transmitted fincHn a 
vdiicle's wheels, enables accurate ccttitrol, and particulariy achieves a compact construction by virtue of a 
steering rod for driving a tie rod associated dioeto, die steaing rod being instaUed at the san^ or adj acent 
position as a rotating shaft provided in an ultrasonic motor saving as a driving source thaeof , thaeby 
securing an increase in available space within an engine compartmaiL 

[0043] Althou^ die preferred embodiments of die present invention have been disclosed for 

illustrative purposes, those skilled in the art will appreciate diat various modiGcations, additions and 
substitutions are possible, without departing from die scope and spirit of die invention as disclosed in the 
accompanying claims. 



8 



CA1:36461Z1 



